Functional aspects of bacterial polysomes during limited protein synthesis.
The effects of amino acid starvation on the metabolic behavior of polysomes and the size distribution of proteins have been studied in an otherwise isogenic pair of stringent (relA+) and relaxed (relA) strains of Escherichia coli. The stability of polysomes has been analyzed by using two different approaches. First, the process of their degradation has been followed after treating the cells with rifampicin, an inhibitor of the synthesis of all classes of RNA including messenger RNA. Secondly, the process of their assembly has been studied after their previous conversion to monosomes, as induced by glucose deprivation of cells. It is shown that, in either type of bacterial strain, polysomes are continually broken down and re-synthesized during amino acid starvation. However, such polysome turnover is then less rapid than in normally growing bacteria and, moreover, it seems amino acid specific since it occurs at a lower rate during arginine starvation than during histidine starvation, namely, in the relaxed strain. The molecular weight distribution of proteins has been determined after labeling of cells with radioactive methionine and separation of polypeptides by one-dimensional polyacrylamide gel electrophoresis. The average size of polypeptides synthesized in the stringent strain during starvation is quite similar to that measured during normal growth. By contrast, a significant shift towards smaller molecules is observed in the relaxed strain deprived of an essential amino acid. Here again, this reduction of the size of polypeptides seems amino acid specific since it is especially marked during arginine starvation. These results are discussed in terms of ribosomes translocation and premature peptide chain termination in connection with the accuracy of the translational process.